


SPACE SHUTTLE FACT SHEET 

In t roduct ion  

The Space Shu t t l e  w i l l  be a reusable  space v e h i c l e  
operated as a t r a n s p o r t a t i o n  system f o r  a wide v a r i e t y  of 
space missions i n  low Earth o r b i t .  

s a t e l l i t e s  of a l l  types.  Since it can car ry  payloads weigh- 
ing up t o  29,500 kilograms (65,000 pounds) it w i l l  r ep l ace  
most of t h e  expendable la7mch v e h i c l e s  cu r ren t ly  used. 

The Shu t t l e  w i l l  deploy s c i e n t i f i c  and a p p l i c a t i o n s  

The Shu t t l e  w i l l  be a b l e  t o  r e t r i e v e  s a t e l l i t e s  from 
E a r t h  o-b4.t; t o  r e p a i r  and redeploy them; o r  br ing  them back 
t o  Earth l o r  refbrbishment and reuse.  It can a l s o  be used 
t o  car ry  out missions i n  which s c i e n t i s t s  and t e c h n i c i a n s  
condilct experiiiients i n  Earth o r b i t  or s e n i c e  automated 
s a t e l l i t e s  a l ready  orDiting. 

The National Aeronautics and Space wdruinistration p l ans  
t o  develop t h e  Shu t t l e  over t h e  next s i x  years .  Horizontal  
t e s t  f l i g h t s  a r e  t o  begjn i n  1977, o r b i t a l  t e s t  f l i g h t s  i n  
1979, and t h e  complete veh ic l e  i s  t o  be ope ra t iona l  i n  1980. 

The Shu t t l e  w i l l  provide Ln e f f e c t i v e  and economical 
means f o r  t h e  United S t i t e z  t o  u t i l i z e  and advance i t s  capa- 
b i l i t i e s  i n  space. It d i l l  reduce s u b s t a n t i a l l y  t h e  cost  of 
space opera t ions  f o r  c i v i l i a n  and defenss  needs i n  t h e  decade 
of t h e  1980's and beyond. 

The Shu t t l e  will r o n s i s t  of a reusable  o r b i t e r ,  mounted 
piggy back a t  launch 011 a l a r g e  expendable l i q u i d  propel lan t  
tank  and two reccverable  and reusable  s o l i d  propel lan t  rocke t  
boosters .  The o r b i t e r  w i l l  look l i k e  E delta-winged a i r p l a n e ,  
abollt t h e  s i z e  of a DC-9 j e t  l i n e r .  It will have t h r e e  l i q u i d  
fue led  rocket  engines,  a cargo bay 18 meters (60 f e e t )  long 
and 4.5 meters (15  f e e t )  i n  diameter,  and w i l l  be operated 
by a crew of t h ree .  Lngspan  w i l l  be about 24 meters  (78 
f e e t )  and it will be about 37 meters (122 f e e t )  long. 

With t h e  e x t e r n a l  t ank  a t tached ,  t h e  t o t a l  S h u t t l e  
vehic le  will stand about 57 meters (184 f e e t )  t a l l  on t h e  
launch pad. 
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A t  launch, t h e  two s o l i d  r o c k e t s  and t h e  o r b i t e r ’ s  three 
l i q u i d  rocket  engines will i g n i t e  and burn simultaneously.  
A t  an a l t i t u d e  of  about 49 ki lometers  (approximately 25 s t a t u t e  
mi l e s )  t’ie spent s o l i d  rocke t s  w i l ;  be detached and parachuted 
i n t o  t h e  ocean f o r  recovery and reuse.  Following s o l i d  rocke t  
staging, t h e  o r b i t e r  and i ts  propel lan t  ta,nk w i l l  continue 
ascent .  A t  main engine cut  o f f ,  t h e  expendable p rope l l an t  
t ank  will be j e t t i s o n e d  i n t o  a remote ocean area. 
o r b i t e r  t h e n  f i r e s  i t s  o r b i t a l  maneuvering system (OMS) f o r  
a sho r t  per iod t o  achieve o r b i t a l  i n s e r t i o n .  The o r b i t e r  wi th  
i t s  crew and payload will remain i n  a r b i t  t o  ca r ry  out i t s  
mission, normally f o r  about seven days,  but when r equ i r ed  
f o r  as long  a s  30 days. When t h e  mission i s  completed t h e  
o r b i t e r  will r e t u r n  t o  Ear th  and land l i k e  an a i rp l ane .  

The 

Eackgr ound 

Extensive engineer ing,  des ign ,  and cost  s t u d i e s  of a 
Space Thuttle were i n i t i a t e d  by NASA’s Off ice  of  Manned 
Space F l igh t  i n  e a r l y  1980. These s t u d i e s  covered a wide 
v a r i e t y  of concepts ranging from a f u l l y  r eusab le  manned 
boos ter  and o r b i t e r  t o  t h e  concept employing an e x t e r n a l  pro- 
p e l l a n t  r o c k e t s  which was se l ec t ed .  Indepth s t u d i e s  f o r  each 
of s e v e r a l  candidate  concepts evaluated t h e  development r i s k  
and cos t  i n  r e l a t i o n  t o  t h e  ope ra t iona l  s u i t a b i l i t y  and t h e  
o v e r a l l  economics of t h e  e n t i r e  system. 

Rockwell Gorp., (now Rockwell In t t2 rna t iona l ) ,  was s e l e c t e d  t o  
develop t h e  high pressure  l i q u i d  oxygen, l i q u i d  hydrogen 
engines which provide t h e  main propuls ion f o r  t h e  o r b i t e r .  

- - 

I n  J u l y  1971, t h e  9ocketdyne Divis ion of North American 

On January 5 ,  1972, President  Nixon announced t h a t  NASA 
should proceed with development of a reusable  low cos t  Space 
S h u t t l e  system. He sa id :  

“This system w i l l  cen ter  on a space v e h i c l e  t h a t  can 
s h u t t l e  repea ted ly  from Ear th  t o  o r b i t  and back. It 
siri 11 r evolut  i oni  z e t r a n s p o r t  a t  i on i n t  o near  space,  
by r o u t i n i z i n g  it. It w i l l  t a k e  t h e  astronomical  c o s t s  
out of a s t ronau t i c s .  I n  s h o r t ,  it w i l l  go a long way 
toward d e l i v e r i n g  t h e  r i c h  b e n e f i t s  of p r a c t i c a l  space 
u t i i i z a t i o n  and t h e  va luable  s p i n o f f s  from space e f f o r t s  
i n t o  t h e  d a i l y  l i v e s  of Americans and a l l  people. 
However, a l l  t h e s e  p o s s i b i l i t i e s ,  and c o m t l e s s  o t h e r s  
with d i r e c t  and dramatic bear ing on human bet terment ,  
can never be more t h a n  f r a c t i o n a l l y  r e a l i z e d  so long 
a s  every s i n g l e  t r i p  from Earth t o  o r b i t  remains a 
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matter of s p e c i a l  e f f o r t  and s t agge r ing  expense. This  
i s  why commitment t o  t h e  Space S h u t t l e  program is t h e  
r i g h t  next s t e p  f o r  America t o  t a k e ,  i n  moving out  from 
our present  beach-head i n  t h e  sky t o  achieve a real  
working presence i n  space - because t h e  Space S h u t t l e  
will g ive  u s  r o u t i n e  access  t o  space by sha rp ly  redac ing  
c o s t s  i n  d o l l a r s  and p repa ra t ion  time." 

In t ens ive  engineer ing s t u d i e s  were continued through 
January and February of 1972 by NASA arid i t s  aerospace i n d u s t r y  
cont rac tors .  These s t u d i e s  concentrated on t h e  t e c h n i c a l  and 
economic a s p e c t s  of using e i t h e r  a s o l i d  o r  l i q u i d  p rope l l an t  
rocke t  boos te r ,  and a l s o  t h e  f e a s i b i l i t y  of  a recoverable  
and r eusab le  o r  a n  expendable system f o r  e i t h e r  t y p e  of 
boos te r  . 

On March 1 5 ,  1972, Dr. James C. Fle t che r ,  NASA Administra- 
t o r ,  announced t h a t  t h e  S h u t t l e  would use  tw in  s o l i d  p rope l l an t  
rocket  motors which w i l l  be recoverable  and reusable .  The 
dec i s ion  was based on information developed by t h e  s t u d i e s  
which showed t h a t  t h e  s o l i d  rocke t  system o f fe red  lower develop- 
ment cost  and lower t e c h n i c a l  r i s k .  

The concept of t h e  e x t e r n a l  p rope l l an t  t a n k  f o r  t h e  orbi te :  
had a major impact. By making t h e  o r b i t e r  much more e f f i c i e n t ,  
it became poss ib l e  t o  l e t  t h e  o r b i t e r  t a k e  more of t h e  burden 
of p rope l l ing  t h e  S h u t t l e  i n t o  o r b i t .  Booster shutdown and 
s t ag ing  s e p a r a t i o n  could t h e r e f o r e  occur a t  a much lower 
a l t i t u d e  and v e l o c i t y .  Th i s  importafit advantage presented 
t h e  opportuni ty  t o  use  b a l l i s t i c  l i q u i d  rocke t  boos te rs  o r  
s o l i d  rocket  motor boos t e r s  t h a t  a r e  e f f i c i e n t  a t  t h e  lower 
staging v e l o c i t i e s .  
i n  development cos t s .  O f  t h e  two, t h e  development c o s t s  of 
t h e .  s o l i d  rocket  boos te r  were est imated t o  be about $700 
m i l l i o n  lower t h a n  t h o s e  of t h e  l i q u i d  rocke t  booster .  

The f i n a l  de te rmina t ion  was t h a t  t h e  s o l i d  rocke t  
boos te r  recoverable  system with t h e  o r b i t e r  l i q u i d  r o c k e t s  

i n  p a r a l l e l  would have t h e  lowest t o t a l  development 

pe r  f l i g h t ,  and lowest t e c h n i c a l  r i s k  of development. 
Addit ional ly ,  economic s t u d i e s  had shown t h a t  t h i s  system 
would provide t h e  h ighes t  r a t e  of r e t u r n  on investment. 

A p a r a l l e l  burn, where booster  and o r b i t e r  engines  a r e  
i g n i t e d  a t  l i f t - o f f ,  t a k e s  maximum advantage of t h e  high 
performance o r b i t e r  engines  and i s  p a r t i c u l a r l y  a t t r a c t i v e  
f o r  t h e  s o l i d s  where it i s  d e s i r a b l e  t o  minimize t h e i r  s i z e  
f o r  ope ra t iona l  cos t  reasons.  

Their  use promised t h e  g r e a t e s t  r educ t ion  

$5.25 b i l l i o n  i n  1971 d o l l a r s ) ,  least  c a p i t a l  r i s k  
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On March 17, 1972, N.',SA i ssued  r e q u e s t s  f o r  proposa ls  
t o  i n d u s t r y  f o r  developmen; of t h e  o r b i t e r  v e h i c l e  and systems 
i n t e g r a t i o n  f o r  t h e  o r b i t e r  e x t e r n a l  p rope l l an t  t a n k ,  s o l i d  
rocke t  boos te r ,  and o r b i t e r  main engine. 

of t h e  Kennedy Space Center i n  F lo r ida  and Vandenberg A i r  
Force Base i n  C a l i f o r n i a  as t h e  s i t e s  from which t h e  Space 
S h u t t l e  w i l l  be operated.  

On July 26, 1972, North American Rockwell Corporation's 
(now Rockwell I n t e r n a t i o n a l )  Space Divis ion,  Downey, C a l i f o r n i a ,  
w a s  s e l e c t e d  as prime con+,ractor f o r  des ign ,  development arid 
pjoduct ion of t h e  o r b i t e r  and i t s  i n t e g r a t i o n  wi th  a l l  o the r  
elements of t h e  S h u t t l e  system. 

On August 16, 1973, t h e  Martin-Marietta Corporation, 
Denver Divis ion,  was s e l e c t e d  t o  des ign ,  develop, t e s t  and 
evaluate t h e  S h u t t l e  e x t e r n a l  tank.  This  cont rac t  i nc ludes  
t h e  f a b r i c a t i o n  of t h ree  ground t e s t  t a n k s  and s i x  development 
f l i g h t  t a n k s  . 

The f i n a l  major Shu t f l e  con t r ac to r ,  Thiokol Chemical 
Corporation of Brigham City,  Utah, was s e l e c t e d  on November 20, 
1973, t o  des ign ,  develop, t e s t  and eva lua te  t h e  s o l i d  rocke t  
motors. The proposed cont rac t  w i l l  inc lude  f a b r i c a t i o n  of 
ground t e s t  and development f l i g h t  motors wi th  a s epa ra t e  
follow-on con t r ac t  f o r  t h e  major engine production. 

On Apr i l  14,  1972, D r .  F l e t che r  announced t h e  s e l e c t i o n  

Space S h u t t l e  Configurat ion 

On t h e  launch pad t h e  S h u t t l e  system w i l l  s tand about 
ha l f  as t a l l  as t h e  Apollo-Saturn v e h i c l e ,  and cons i s t  of f o u r  
l a r g e  elements c l u s t e r e d  toge the r ;  t h e  expendable r o p e l l a n t  
tank ,  twin  recoverable  s o l i d  rocke t  boos te r  (SRB'S P and t h e  
o r b i t e r  vehic le .  The s o l i d  rocke t s  w i l l  be mounted t o  t h e  
t ank  a t  two p o i n t s  approximately 180 degrees  apa r t .  
about 47 meters (154 f e e t )  long and 8.4 meters (27.5 f e e t )  i n  
diameter ,  w i l l  be mounted beneath t h e  o r b i t e r .  

21, hours and launched wi th in  two hour s  from t h e  standby s t a t u s  
On standby s t a t u s  it w i l l  be ready f o r  launch except f o r  cryo- 
genic  propel lan t  fill ( l i q u i d  hydrogen and oxygen), crew 
ing res s  and f i n a l  systems v e r i f i c a t i o n .  

The t a n k ,  

The S h u t t l e  can be held on a standby launch s t a t u s  f o r  
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A t  launch t h e  t w i n  rocke t  boos te r ,  about 3 .  "meters 
(12.2 f e e t  ) i n  diameter and 45.5 meters (149 f e e t  ) long w i l l  be 
i g n i t e d  simultaneously with t h e  l i q u i d  fue led  o r b i t e r  engines  
and burn i n  p a r a l l e l  wi th  t h e  o r b i t e r  en inez  t o  an a l t i t u d e  
of about 40 k i lometers  (25 s t a t u t e  mi les  7 . The s o l i d  r o c k e t s  
will t h e n  be detached, descend by parachutes ,  t o  be recovered,  
re furb ished  and reused. The s o l i d  r o c k e t s  are expected t o  be 
capable of a t  l e a s t  20 reuses .  

(6,141,000 pounds) made up of 1,668,000 newtons (375,000 pounds) 
from each of t h e  t h r e e  main engines a t  s e a  l e v e l  and 11,156,000 
newtons (2,508,000 pounds) from each of t h e  two s o l i d  boos te rs .  

To ta l  l i f t 9 f f  t h r u s t  i s  t o  be 27,316,000 newtons 

Orbi ter  -- The o r b i t e r  will be about t h e  s i z e  of a DC-9 
a i r c r a f t ,  approximately 37 meters  (122  f e e t )  long and have a 
wing spread of 24 meters  (78 f e e t ) .  The cargo compartment, 
o r  payload bay, w i l l  be approximately 4.5 meters (15  f e e t )  
i n  diameter and 18 meters (60 f e e t )  long. Maximum payload 
c a p a b i l i t y  w i l l  be 29,500 kilograms (65,000 pounds) launched 
due East i n  a 278 ki lometer  (150 n a u t i c a l  mi l e )  o r b i t .  
Cargo bay doors  extending t h e  f u l l  ength of t h e  cargo bay 
permit exposure o r  deployment of payloads.  

The o r b i t e r  :vi11 be capable of landing on a conventional 
runway with a payload weighing up t o  14,000 kilograms (32,000 
pounds ) . 

Unlike previous manned spacec ra f t  t h e  S h u t t l e  o r b i t e r  
w i l l  have reusable  e x t e r n a l  i n s u l a t i o n .  Each v e h i c l e  w i l l  be 
designed t o  car ry  out a t  l e a s t  100 space missions without major 
-7erhaul. 

After extended s tudy and t e s t i n g  of passive thermal 
p r o t e c t i o n  systems, r eusab le  su r face  i n s u l a t i o n  m a t e r i a l s  
were se l ec t ed  t o  reduce refurbishment requirgments.  gor a r e a s  subjected t o  temperatures  i n  t h e  1 , 9 2 2  K (3,000 F) 
r a w e ,  an oxidat ion-inhibi ted carbon m a t e r i a l  w i l l  be used. 
It c o n s i s t s  of pyrol ized carbon f i b e r s  i n  a pyrol ized carbon 
matrix w i t h  s i l i c o n  carbide coa t ing ,  and i s  comiionly r e f e r r e d  
t o  a s  "carbon-carbon" . 
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Intermediate  hea t ing  areas (up t o  1,533'K or  2,300'F) 
w i l l  be p ro tec t ed  by high temperature  r eusab le  su r face  insu la-  
t i o n  t i l e s  (HRSI), cons i s t ing  of 99% pure f e l t e d  s i l i c a  
f ibers.  These t i l e s  range i n  th i ckness  from 2.5 crn t o  7.5 cm 
(1 t o  3 i nches ) ,  
b o r o s i l i c a t e  coa t ing  containing pigment t o  provide t h e  des i r ed  
absorptance/emittance r a t i o s .  
s i d g s  of t 8e  fuse l age ,  where temperatures  do not exceed 
616 K (650 F )  low-temperature r eusab le  su r face  i n s u l a t i o n  
will be used. 

The t i l e s  w i l l  be p ro tec t ed  by a f r i t t e d  

For a r e a s  along t h e  t o p  and 

In  normal opera t ions ,  t h e  personnel  complement can vary 
from th ree  t o  a maximum of seven. The b a s i c  crew c o n s i s t s  
of a p i l o t ,  co-pilot  and mission spec ia l . i s t .  For complex 
payload missions,  up t o  f o u r  a d d i t  ion91 payload s p e c i a l i s t s  
can be ca r r i ed .  Accommodations are  provided f o r  both sexes. 
A l l  w i l l  normally t r ave l  i n  sh i r t - s l eeve  comfort without 
space s u i t s  and undergo a maximum of 3 G f o r c e s  dur ing  
launch and r een t ry .  

If requ i r ed  t h e  o r b i t e r  will ca r ry  a docking module 
i n  t h e  payload bay and w i l l  be capable of manual docking wi th  
o the r  v e h i c l e s  wi th  compatible docking devices .  The mission 
s p e c i a l i s t  will have access  t o  t h e  payload through an  a i r l o c k  
leading  i n t o  t h e  payload compartaent without d e p r e s s u r i z a t i o n  
of t h e  o r b i t e r  cabin. He w i l l  t h e n  be a b l e  t o  check out and 
deploy c e r t a i n  payloads or  conduct i n v e s t i g a t i o n s  r e q u i r i n g  
d i r e c t  access  t o  space. 

On some f l i g h t s  a pressur ized  Spacelab, being developed 
by nine European coun t r i e s  a t  t h e i r  expense, w i l l  be c a r r i e d  
i;l t h e  payload bay and will serve  a s  a space labora tory .  
For t h 3  f irst  t ime,  s c i e n t i s t s  and engineers  who a r e  not 
a s t r o n a u t s  will have an opportuni ty  t o  accompany and conduct 
t h e i r  experiments i n  space. 

experiments a re  c a r r i e d  out i n  t h e  Orbi te r  payload bay, 
Experiments can be assembled, checked ou t ,  and mated i n  
advance and t h e  Spacelab i n s t a l l e d  i n  t h e  payload bay just p r i o r  
t o  f l i g h t .  The Spacelab w i l l  inc lude  a pressur ized  enclosure 
housing support  equipment ( t o  make it h a b i t a b l e )  as  we l l .  as 
t h e  experimental  equipment. When sensors  r e q u i r e  d i r e c t  expo- 
sure t o  t h e  space environmmt, a p a l l e t  w i l l  be used i n  asso- 
c i a t i c n  wi th  t h e  pressur ized  enclosure.  On o the r  t y p e s  of 
missions,  a p a l l e t  may be used a lone ,  w i t h  t h e  c o n t r o l  of t h e  
instruments  t ak ing  p lace  from t h e  9 r b i t e r  cabin o r  even from 
t h e  ground. The Spacelabs are b e h g  designed around a b a s i c  
seven-day mission which i s  extendable up t o  30 days by t r a d i n g  
o f f  payload weight and volume f o r  t h e  a d d i t i o n a l  consumables 
necessary t o  accommodate t h e  a d d i t i o n a l  t ime i n  o r b i t .  

The Spacelab w i l l  be t h e  means by which man-associated 
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The Spacelab is  being designed t o  meet t h e  requirements 
of a broad spectrum of sc ience  and a p p l i c a t i o n s ,  domestic 
and fore ign .  It w i l l  provide a f u l l  complement of genera l  
support equipment and have provis ions  t o  accommodate a wide 
v a r i e t y  of spec ia l i zed  needs. The Spacelab i s  being developed 
i n  Europe with European funding under t h e  auspices  of t h e  
European Space Agency (ESA). It w i l l  be b u i l t  by European 
indus t ry  under t h e  management of VFW-FOKKER-ERN0 o f  West 
Germany. The development w i l l  inc lude  t h e  d e l i v e r y  o f  one 
f l i g h t  u n i t  and c e r t a i n  engineering and hardware support t o  
NASA. NASA w i l l  purchase one o r  more a d d i t i o n a l  Spacelabs 
from t h e  Europeans. 

Space S h u t t l e  Missions and Operational C a p a b i l i t i e s  

As t h e  S h u t t l e  becomes ope ra t iona l ,  it w i l l  c a r ry  i n t o  
space v i r t u a l l y  a l l  of t h e  na t ion ' s  c i v i l i a n  and m i l i t a r y  
payloads a s  we l l  as many i n t e r n a t i o n a l  c i v i l i a n  and gover'n- 
ment payloads. These inc lude  sc ience  and a p p l i c a t i o n s  
payloads f o r  p r i v a t e  indus t ry ,  u n i v e r s i t i e s  and r e sea rch  
organizat ions.  

w i l l  be requi red  t o  handle t h e  volume of space payloads a n t i -  
c ipated i n  t h e  1980's. 

Approximately 60 t o  70 S h u t t l e  missions each year  

S tudies  of p o t e n t i a l  S h u t t l e  missions i n  t h i s  period 
i n d i c a t e  t h a t  about 38 percent  a r e  l i k e l y  t o  be Spacelab 
missions w i t h  t h e  remainder being t h e  placement, r e v i s i t ,  o r  
r e t r i e v a l  of automated spacecraf t .  

The 1973 Payload Model - NASA's most r ecen t  a n a l y s i s  -- 
es t ima tes  t h a t  t h e  d i s t r i b u t i o n  of a c t i v i t y  i n  t h e  1980 's  
w i l l  be approximately a s  follows: 

Science -- Astronomy, physics ,  l i f e  sc iences ,  
l una r  and p l ane ta ry  3k% 

Applications -- Earth resources ,  communica- 
t i o n s  and naviga t ion ,  space 
processing,  e t c .  3 5% 

Department of Defense 3 1% 

- more - 
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A t y p i c a l  s cena r io  of t h e  use of t h e  Space S h u t t l e  t o  
p lace  an automated s a t e l l i t e  i n  low Ear th  o r b i t  would be as 
follows: The S h u t t l e  c a r r i e s  t h e  spacec ra f t  t o  t h e  requi red  
a l t i t u d e  and i n c l i n a t i o n .  The s a t e l l i t e  i s  checked out 
thoroughly by a payload s p e c i a l i s t  t o  v a l i d a t e  i t s  opera t ion  
i n  t h e  environment of space. Adjustments and ca l ib ra t io i l  of 
instruments  and sensors  a r e  performed before  t h e  spacecraf t  
i s  committed t o  i t s  unattended operat ion.  In  t h e  event t h e  
spacecraf t  f a i l s  t o  perform as planned and on-orbit r e p a i r s  
a r e  inadequate,  t h e  spacec ra f t  i s  re turned  t o  Earth f o r  mwe 
extens ive  r e p a i r s .  The same procedure i s  appl ied  t o  n;.ll- 
funct ioning spacecraf t  previously placed i n  o r b i t  . 
spacecraf t  ca r r i ed  t o  o r b i t  by t h e  S h u t t l e  thereby  starts i t s  
on-orbit opera t ion  i n  func t ioning  condi t ion.  

Each 

I n  a study of 131 s a t e l l i t e  f a i l u r e s  which have occurred 
i n  t h e  p a s t ,  78 were r e l a t e d  t o  launch problems. The remain- 
i n g  53 f a i l u r e s  were a t t r i b u t a b l e  t o  spacec ra f t  anomolies. 
Most of t h e s e  f a i l u r e s  could have been avoided i f  t h e  S h u t t l e  
had been ava i l ab le .  

The s i z e  and weight-carrying capac i ty  of t h e  o r b i t e r  
w i l l  f r e e  spacecraf t  des igners  from c o n s t r a i n t s  which have 
made payload development very t ime consuming and cos t ly .  
It will be poss ib l e  t o  use r e l e t i v e l y  inexpensive construc- 
t i o n  m a t e r i a l s  and s tandard l abora to ry  equipment i n  p lace  
of s p e c i a l l y  constructed,  highly minia tur ized  components which 
are expensive t o  develop and t e s t .  

The S h u t t l e  can be used t o  v a l i d a t e  prototype instrumen- 
t a t i o n  and sub-systems i n  t h e  t r u e  space environment and r e t u r n  
them t o  Earth f o r  a n a l y s i s  and inco rpora t ion  i n t o  spacecraf t  
des igns  with ope ra t iona l  assurance having been demonstrated . 

The S h u t t l e  w i l l  be capable of t r a n s p o r t i n g  payloads up 
t o  500 mi les  i n  Ear th  o r b i t .  
missions which r e q u i r e  higher o r b i t s .  To achieve t h e s e  higher 
o r b i t s ,  a Space Tug i s  requi red .  The Space Tug will be a 
r eusab le  s t age  t h a t  w i l l  fit i n  t h e  S h u t t l e  cargo bay w i t h  i t s  
payload and w i l l  provide t h e  c a p a b i l i t y  t o  p lace  and r e t r i e v e  
payloads i n  o r b i t s  beyond t h e  c a p a b i l i t y  of t h e  Shu t t l e  and 
achieve Earth escape v e l o c i t i e s  f o r  t r a n s p l a n e t a r y  spacecraf t  . 
A t e n t a t i v e  agreement has been reached between NASA and t h e  
Department of Defense f o r  t h e  DOD t o  develop an i n i t i a l  
upper s t age  c a l l e d  an Orbit-to-Orbit Stage us ing  e x i s t i n g  
technology and/or components. This s t a g e  w i l l  not have a 
payload r e t r i e v a l  c a p a b i l i t y  but may be reusable .  It will be 
ava i l ab le  when t h e  S h u t t l e  becomes ope ra t iona l  i n  '380, 

However, t h e r e  a r e  many space 

- more - 
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For 
and 
Tug 
on- 

While t h i s  in i ' ; i a l  upper s t a g e  i s  developed by t h e  Air 
ce,  NASA w i l l  continue planning f o r  t h e  l a t e r  development 
t ime ly  i n t r o d u c t i o n  of a reusable ,  f u l l  c a p a b i l i t y  Space . This  Space Tug will provide f o r  payload r e t r i e v a l  or  

o r b i t  s e rv i c ing  t o  u l t i m a t e l y  meet t h e  needs of a l l  u se r s .  

Appropriations ( m i l l i o n s )  -- Space S h u t t l e  Program 

Research & Construct ion 
Develcpment of F a c i l i t i e s  - T o t a l  

FY 1970 $ 12.5 $ $ 12.5 
FY 1971 78.5 1.5 80.0 
FY 1972 l G 0  . 0 18.5 118.5 
FY 1973 198.6 27.9 226.5 

FY 1975 . 800 e 0 77.0 877 U 

$1,664.6 $181.2 $1,845.8 

FY 1974 4'75.0 56.3 531.3 
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Space Shu t t l e  Program Management 

Overall d i r e c t i o n  of t h e  program i s  i n  t h e  Space S h u t t l e  
Program Office,  Off ice  of Manned Space F l i g h t ,  which i s  
respons ib le  f o r  d e t a i l e d  assignment of r e s p o n s i b i l i t i e s ,  
bas i c  performance requirements,  c o n t r o l  of major m i l e s o n e s  
and funding a l l o c a t i o n s  t o  t h e  va r ious  NASA f i e l d  cen te r s .  

The Johnson Space Center (JSC), Houston, has program 
management r e s p o n s i b i l i t y  f o r  program con t ro l ,  o v e r a l l  
systems engineer ing and systems i n t e g r a t i o n ,  and o v e r a l l  
r e s p o n s i b i l i t y  and a u t h o r i t y  f o r  d e f i n i t i o n  of t h o s e  elements 
of t h e  t o t a l  system which i n t e r a c t  wi th  o t h e r  elements,  
such as t o t a l  conf igura t ion  and combined aerodynamic loads .  
JSC a l s o  i s  re spons ib l e  f o r  development, product ion,  and 
d e l i v e r y  of t h e  S h u t t l e  o r b i t e r  and manages t h e  cont rac t  
with Rockwell I n t e r n a t i o n a l .  

Kennedy Space Center,  F l a . ,  is  re spons ib l e  f o r  des ign  
of launch and recovery f&:ilities, and w i l l .  s e rve  as t h e  
launch and landing s i t e  f o r  t h e  Space S h u t t l e  development 
f l i g h t  and f o r  ope ra t iona l  missions r e q u i r i n g  launches i n  
an e a s t e r l y  d i r e c t i o n ,  

Marshall  Space F l igh t  Center (MSFC), Huntsv i l le ,  Ala., 
is  respons ib le  f o r  t h e  development, product ion and d e l i v e r y  
of t h e  o r b i t e r  main engine,  t h e  s o l i d  boos te r ,  and t h e  
hydrogen-oxygen p rope l l an t  t ank .  MSFC a l s o  w i l l  accomplish 
and/or manage c e r t a i n  o the r  S h u t t l e  t a s k s  where t h e  Center 
a l s o  has unique c a p a b i l i t i e s .  

Launch and Landing S i t e  

poss ib l e  launch s i t e s  throughout t h e  United S t a t e s  f o r  
more t h a n  one year .  More t h a n  150 s i t e s  were considered, 
and 80 have been s tudied  i n  d e t a i l  f o r  all poss ib l e  
requirements and cont ingencies  app l i cab le  t o  t h e  S h u t t l e .  

A Space S h u t t l e  launch s i t e  eva lua t ion  board s tudied  

The d e c i s i o n  was made i n  Apri l ,  1972, t h a t :  

1. The i n i t i a l  launch and recovery s i t e  will be a t  
Kennedy Space Center,  F la . ,  and be used f o r  r e sea rch  and 
development launches and f o r  a l l  e a s t e r l y  ope ra t iona l  launhes 
f e a s i b l e  from KSC. General purpose S h u t t l e  f a c i l i t i e s  f o r  
a l l  u s e r s  w i l l  be provided by NASA a t  KSC on a t ime schedule 
compatible with t h e  Shu t t l e  development program. 

- more - 
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2. A second ope ra t iona l  s i t e  for missions r e q u i r i n g  
high i n c l i n a t i o n  launches not  f e a s i b l e  from KSC i s  planned 
a t  Vandenberg A i r  Force Base toward t h e  end of t h e  1970s. 
General purpose S h u t t l e  f a c i l i t i e s  f o r  a l l  u s e r s  w i l l  be 
provided by t h e  Department of defense a.l; Vandenberg Air 
Force Base on a time schedule compatible wi th  p rogres s  i n  
t h e  Shu t t l e  development program and t ime ly  u t i l i z a t i o n  o f  
t h e  S h u t t l e  f o r  ope ra t iona l  missions r e q u i r i n g  h i r h  inc l ina -  
t i o n  launches.  
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